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Achieving small error for qubit gate operations under random telegraph noise (RTN) is of great
interest for potential applications in quantum computing and quantum error correction. I calculate
the error generated in the qubit driven by pi, CORPSE, SCORPSE, symmetric and asymmetric
pulses in presence of RTN. For a special case when pulse acts in x-direction and RTN in z-direction,
I find that for small value of noise correlation time, pi-pulse has small error among all the other
pulses. For large value of noise correlation time, possibly white noise, symmetric pulse generates
small error for small energy amplitudes of noise strength, whereas CORPSE pulse has small error for
large energy amplitudes of noise strength. For the pulses acting in all the three directions, several
pulse sequences were identified that generate small error in presence of small and large strength
of energy amplitudes of RTN. More precisely, when pi pulse acts in x direction, CORPSE pulse
acts in y direction and SCORPSE pulse acts in z-direction then such pulse sequences induces small
error and may consider for better candidate in implementing of bit-flip quantum error correction.
Error analysis of small energy amplitudes of RTN may be useful for low temperature measurements,
whereas error analysis of large energy amplitudes of RTN may be useful for room temperature
measurements of quantum error correction codes.
I. INTRODUCTION
Qubits can be manipulated in a desired fashion by ex-
cellent architect design in several physical devices, such
as, quantum dots, cavity quantum electrodynamics, su-
perconducting devices, Majorana fermions1–17. Manipu-
lation of qubits in these devices seems promising in that
one can make quantum logic gates and memory devices
for various quantum information processing applications.
Such devices require sufficiently short gate operation time
combined with long coherent time18–21. When a qubit is
operated on by a classical bit, then its decay time is given
by a relaxation time which is also supposed to be longer
than the minimum time required to execute one quantum
gate operation.
In most cases, compared to coherent time, the dephas-
ing time of qubits in presence of noise is reduced by sev-
eral orders of magnitude due to coupling of qubits to the
environment. The reduction of dephasing time depends
on the specific dynamical coupling sequence from where
the principle of quantum mechanics is inevitably lost.
Therefore, one might need to decouple the qubits from
the environment and may consider more robust topologi-
cal method to preserve a quantum state against noise,
enabling robust quantum memory22. Hence, to make
quantum computers, one needs to find an efficient and
experimentally feasible algorithm that overcome the is-
sues of undesired interactions of qubits to the surround-
ing environment. Interactions of qubits to the surround-
ing environment destroy the quantum coherence that lead
to generate errors and loss of fidelity. In quantum com-
puting language, this phenomenon is called decoherence.
For example, experimental observations reported that in
GaAs quantum dots, decoherence time, T ⋆2 ≈ 10ns and
coherent time, T1 ≈ 0.1ms, whereas for Si, T
⋆
2 ≈ 100ns
and T1 ≈ 0.1ms
23–35. There are several possible ways to
overcome the issues of decoherence, as for example, fi-
delity recovery by applying error-correcting codes, deco-
herence free subspace coding, noiseless subsystem coding,
dynamical decoupling from hot bath, numerical design
of pulse sequences, that is more robust to experimen-
tal inhomogeneities, and optimal control pulse based on
Markovian master equation descriptions.36–49 In Ref. 50,
authors provided a scheme of high fidelity recovery of
qubits operating by pi, CORPSE, and SCORPSE pulses
in random telegraph noise but present work is different
in that qubits operating by symmetric pulse shows the
smallest error generation in the regime of small energy
amplitudes of noise strength that has large noise correla-
tion time. In addition, this paper investigates the inter-
play of these pulses acting in all three (x,y,z) directions
while RTN still acts in z-direction and then identified
the pulse sequences which provide less error on bit-flip
qubits. Identifying pulse sequences that generate small
error in small energy amplitudes of noise strength may
be suitable for the experiments operating at low temper-
atures, whereas identifying pulse sequences that generate
small error in large energy amplitudes of noise strength
may be suitable for the experiments operating at high
temperatures.
In this paper, I consider the design of several con-
trol pulses acting on a single bit-flip computational basis
states in presence of noise. The present work seek to
identify different regimes of operating parameters in the
designed control pulses that eliminate the series of phase
and dynamical errors and induce the recovery of high fi-
delities. The calculations are restricted to only eliminate
the phase errors, which are more robust due to stochastic
time-varying amplitudes, appear in the model Hamilto-
nian. More precisely, the designed pulses are pi, COR-
SPE, SCORPSE, symmetric and asymmetric acting on
a qubit in a random telegraph noise environment. Then
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FIG. 1. The form of designed pulses for (a) pi, (b) CORPSE, (c) SCORPSE, (d) symmetric and (e) asymmetric. These pulses
are under consideration to achieve fidelity recovery (or, minimize the error) in one qubit gate operation under random telegraph
noise.
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FIG. 2. Simulations of random telegraph noise (RTN) as a function of time (h¯/amax) for the correlation time, τc= 0.001(h¯/amax).
Note that the density of RTN jumps between ±∆ is random which is shown in Fig.2(a) and (b). Here only two noises functions
are shown for demonstration purpose but in a realistic simulation of finding error, 500 RTN trajectories have been chosen.)
checking the quantum gate errors at various noise corre-
lation times as well as various energy amplitudes of noise
strength as an indication of most efficient way to perform
algorithm for quantum bit operations. The result of cal-
culation shows that when the qubits are driven by pulses
in the x-direction and the noises act in the z-direction
then the symmetric pulse sequence along with small en-
ergy amplitude of noise strength, (i.e., ∆ ≈ 0.125h¯/amax)
induce less systematic errors over all the other pulses
(pi, CORPSE, SCORPSE and asymmetric pulses). Such
error analysis in the qubits is useful for the laboratory
experiments operating at low temperatures where one
can correct the systematic errors in a more efficient way
by designing additional quantum gates in a physical de-
vice . On the other hand, for the case of strong noise
environments (i.e., energy amplitude of noise strength,
∆ ≈ 0.25h¯/amax), may suitable for the experiments op-
erating at room temperature, CORPSE pulse is the most
efficient way to reduce the error. For a more general case,
I consider the pulses acting in arbitrary x, y and z direc-
tions and show that when pi pulse acts in x-direction,
CORPSE pulse acts in y-direction and SCORPSE pulse
acts in z-direction in presence of arbitrary low and high
temperature measurements noise condition, then such
pulse sequences have large fidelity recovery and may con-
sider better candidate for implementing in next genera-
tion electronic circuits design to minimize error.
The paper is organized as follows. In section II, I pro-
vide a theoretical description of the model Hamiltonian
for a qubit operating under several control pulses in a
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FIG. 3. Same as to Fig. 2 but τc=1(h¯/amax). Notice that the
jumps in RTN is significantly decreased as correlation time,
τc increases. For large τc (≈ 20(h¯/amax)), RTN noise can be
treated as a white noise.
random telegraph noise environment. In section IV, I
analyze two main results: (i) qubits driven by a pulse in
the x-direction and RTN noise acts in z-direction. (ii) in-
dividual pulse acts in the x,y and z-direction in the qubits
and RTN still acts in the z-direction. Finally I conclude
the results in Section V.
II. MODEL HAMILTONIAN
The effective model Hamiltonian of a single qubit is
written as51
H(t) =
∑
i∈{x,y,z}
1
2
[ai(t) + ηi(t)] · σi, (1)
where ai(t) are the energy amplitude of the external con-
trol fields, ηi(t) are the energy amplitude of the random
environmental noise and σi is the Pauli spin matrices. I
further assumed that the designed control pulses are act-
ing on all three x,y and z-directions while environmental
noises are acting only in z-direction. Hence, the effective
Hamiltonian (1) can be written as
H(t) =
1
2
[ax(t)σx + ay(t)σy + az(t)σz + ηz(t)σz ] . (2)
Several designed pulses are shown in Fig. 1, which have
the following sequences for energy amplitudes variations:
For pi pulse,
aπ(θ) = a0, for θ ∈ [0, pi] . (3)
For CORPPE pulse,
aC(θ) = amax, for 0 < θ <
pi
3
,
= −amax, for
pi
3
≤ θ ≤ 2pi,
= amax, for 2pi < θ ≤
13pi
3
. (4)
For SCORPSE pulse,
aSC(θ) = −amax, for 0 < θ <
pi
3
,
= amax, for
pi
3
≤ θ ≤ 2pi,
= −amax, for 2pi < θ ≤
7pi
3
. (5)
For symmetric pulse,
a(t) =
pi
2
+
(
a−
pi
2
)
cos
(
2pit
τ
)
− a cos
(
4pit
τ
)
, (6)
asym(t) =
amax
N1
a(t)− amax, (7)
where amax=1, a = 5.263022(1/τ), τ=9.325 and
1/N1=0.8477 are integers.
For asymmetric pulse,
aasym(t) =
amax
N2
[
a(t) + b sin
(
2pit
τ
)
−
b
2
sin
(
4pit
τ
)]
− amax, (8)
where b = 17.850535(1/τ) and 1/N2=0.412 are integers.
Above pulse sequences, which are plotted in Fig. 1, are
used to drag the qubits in noisy environments to seek
the recovery of the measurement of high fidelity quantum
gates.
For random environmental noise, ηz(t) changes ran-
domly between two values η(0) = ∆ and η(0) = −∆,
where ∆ is the energy amplitude of the strength of the
noise. The environmental noise function is written as
ηz(t) = (−1)
ΣiΘ(t−ti)η(0), (9)
where Θ(t) is the heaviside step function, and τc is the
correlation time. The jump time instants ti is expressed
as
ti =
i∑
j=1
−τcln(pj), (10)
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FIG. 4. error (1-φ(ρf , ρ0)) vs noise correlation time, τc(h¯/amax) for pi pulse (black, solid line), CORPSE pulse (red, dashed line),
SCORPSE pulse (green, dotted line), symmetric pulse (blue, dotted line) and asymmetric pulse (cyan, dashed-dotted-dotted
line). I chose ∆ = 0.125amax as the amplitude of strength of the RTN noise.
where the random numbers pi ∈ (0, 1) determine the
sample trajectories of random telegraph noises. Two
randomly generated environmental noise functions are
shown in Fig. 2 and 3. For the simulations of fidelity
measurement, 500 randomly generated noise functions
are chosen. As can be seen in Fig. 2, there are large
density of random jump noises in the vicinity of zero cor-
relation times, τc. On the other hand, as τc increases,
the density of random jump noises decreases that can be
seen in Fig. 3.
Suppose the effective Hamiltonian (2) is acting only on
the qubit. Hence, to find the system dynamics, average
over different noise trajectories were chosen to find the
system dynamics. Therefore, the density matrix of the
dynamics of the system is written as
ρ(t) = lim N →∞
1
N
N∑
k=1
Ukρ0U
†
k , (11)
where ρ0 is the initial state of the system and {Uk} is the
unitary time evolution of the qubit under the influence of
control pulses (see Fig. 1) and randomly generated noise
functions (see Fig. 2 and 3). The unitary time evolution
operator is written as
Uk = τe
−i/2h¯
∫
t
0
dτ
∑
i∈{x,y,z}
[ai(t)·σi+ηz(t)σz ]
, (12)
where τ is the time ordering parameter. Considering ρf
is the final state of the system then the fidelity for the
system is given by
φ = tr{ρ†fρT }, (13)
where ρT is the final desired state of the qubit.
III. COMPUTATIONAL METHODS
I consider the bit flip computational basis states |0 >
and |1 > as:
ρ0 =
(
0 0
0 1
)
, ρf =
(
1 0
0 0
)
. (14)
For the limiting case as the correlation time, τc → 0
and ∆ → ∞, ∆2τc/2 ≡ h¯
2Γ remains finite value where
Γ is the decoherence time. In this case RTN model re-
duces to white noise. One may apply Markovian master
equation in the model Hamiltonian to find the fidelity of
the system52. In this paper, I do not apply Markovian
master equation instead write simulate the RTN trajec-
tories numerically and then find the system dynamics by
using Eq. (12). I have chosen 500 RTN trajectories and
express the density matrix of the system by a unitary
quantum trajectory approach that is valid for all values
of the correlation times τc. Throughout the paper, I have
chosen h¯ = amax = 1.
IV. RESULTS AND DISCUSSIONS
Considering ay(t) = az(t) = 0 in the Hamiltonian
(2) and utilizing Eq. (13), the influence of pi, CORSPE,
SCORPSE, symmetric and assymetric pulses on the mea-
surement of quantum error correction under random tele-
graph noises is shown in Figs. (4). Here ∆ = 0.125amax,
∆ = 0.25amax and ∆ = 0.5amax are chosen in (a),(b) and
(c) of Fig. (4), respectively. In the regime of vanishing
noise correlation time (i.e., τc → 0), error is minimum
which is shown in Fig. 4(a,b,c) for pi pulse followed by
SCORPE, CORPE, symmetric and asymmetric pulses.
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FIG. 5. Bit flip fidelities, φ(ρf , ρ0) vs noise correlation time, τc(h¯/amax) for possible combinations of pulse sequences
{ax(t), ay(t), az(t)} in the Hamiltonian 2. Notice that the recovery of fidelity is the largest for (api(t), aSC, aC) (Fig. 5(a),
dashed line, blue), (api(t), asym, aAsym) (Fig. 5(b), dotted line, black) and (asym(t), aAsym, api) (Fig. 5(b),dashed-dotted line,
blue). Similarly, the recovery of fidelity is the largest for (aC(t), api(t), asym(t)) (Fig. 5(c). All other combinations of pulse
sequences have small fidelities that may be useless for performing experiments. Here I chose ∆ = 0.125.
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FIG. 6. Bit flip fidelities, φ(ρf , ρ0) vs noise correlation time, τc(h¯/amax) for ∆ = 0.05 (left panel) that is useful for low
temperature measurements and ∆ = 0.5 (right panel) that is useful for large temperature measurements. The combination of
pulse sequences {ax(t), ay(t), az(t)} in the Hamiltonian 2 pi is chosen same as to Fig. 5 but only consider those pulse sequences
which has large fidelity recovery against noises.
The small error for pi pulse on the qubit operation is due
to the fact that the single qubit under pi−pulse does not
have enough time to drift into the direction of densely
populated random noise (see Fig. 2). Note that the noise
function is very dense in the vicinity of zero correlation
time (see Fig.2) while noise function has no jumps in the
vicinity of infinite correlation time (e.g., density of noise
jumps decreases as τc increases from Fig.2 to Fig.3). The
energy amplitude of the noise functions rapidly changes
its sign between ±∆. Hence, in the vicinity of zero corre-
lation time, the error is smaller or the fidelity is larger, to
be about 99%, for pi pulse than all the other pulses (e.g.,
SCORPSE, CORPSE, symmetric and asymmetric).
As a correlation time increases, the density of noises
or the frequency of random jumps of noise functions de-
creases that can be seen in Figs. (2) and (3). Here I
chose τc = 0.001h¯/amax in Fig. 2 and (τc = 1h¯/amax)
in Fig. (3). From Fig. 2 and Fig. 3, one can conclude
that in the regime of sufficiently large noise correlation
time (i.e., τc → ∞), the frequency of random jumps of
noise function η(t) is significantly reduced, where noise
function can be treated as a constant (no jumps or
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FIG. 7. The pulse sequences are as same as to Fig. 4 (e.g., ax(t) is present but ay(t) and az(t) are vanishing in the Hamiltonian 2)
but τc = 0.001 (left figure) and τc = 30 (right figure). Notice that for small correlation time (left figure), fidelity recovery against
noise strength is not possible due to the nature of the jumps in RTN (see Fig. 2). On the other hand, for large correlation
time (right figure), fidelity recovery against noise strength is possible due to about no jumps in RTN which is the ideal case for
white noise.
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FIG. 8. The pulse sequences are as same as to Fig. 6 (e.g., ax(t), ay(t) and az(t) are all present in the Hamiltonian 2) but
τc = 0.001 (left figure) and τc = 30 (right figure). Comparing Figs. 7 and 8, one finds that the performance of fidelity recovery
is weak in Fig. 8 due to the possiblity of qubit interaction in all three x, y and z directions on the Bloch sphere.
white nosie). The gate pulses acting on this regime with
∆ = 0.125 quickly recover their lost fidelities except for
pi and asymmetric pulses (see Fig. 4(a). However, for
large value of ∆ = 0.5, only CORPSE pulse has large
fidelity recovery, which can be utilized to correct system-
atic time-independent errors. Since gate pulses (except
pi pulse) change its amplitude between ±amax with the
variation of gate operation time, one can find the global
minimum point at τc ≈ 3h¯/amax, from where the lost
fidelity starts to recover.
I have plotted the error vs noise correlation time with
∆ = 0.25 in Fig. 4(b) and with ∆ = 0.5 in Fig. 4(c). Since
∆ =0.25 and 0.5 may consider a strong noisy environ-
ments, the qubit operation in this case may be suitable
for gate operation at room temperature, the CORSPE
pulse sequence recovers its lost fidelities more rapidly
than other pulse sequences due to its large gate opera-
tion time. Hence in a very noisy environment, CORSPE
pulse is only suitable candidate that correct the system-
atic errors. For a less noisy environment, i.e., ∆ = 0.125
in Fig. 4(a) suitable for gate operation at low tempera-
ture, pi pulse in the regime of τc → 0 and the symmetric
7pulse sequences in the regime of τc → ∞ are the most
suitable pulse to recover their lost fidelities.
Now I turn calculations for the pulses that act in x,
y and z-directions while the RTN noises still act in the
z-direction. The description of the qubits in this situa-
tions are well formulated by the Hamiltonian (2). I have
tested interplay of several possible combinations of the
pulse sequences {ax(t), ay(t), az(t)} among (aπ(t), aC(t),
aSC(t), asym(t) and aasym(t) in the Hamiltonian (2) and
then plotted the fidelity vs correlation time in Fig 5.
The results from this plots show that the pulses ax(t)
represented by aπ(t), ay(t) represented by aSC(t) and
az(t) represented by aC(t) has large value of fidelity
shown in Fig. 5(a). Similarly, the pulses ax(t) represented
by aπ(t), ay(t) represented by asym(t) and az(t) repre-
sented by aasym(t) has large value of fidelity shown in
Fig. 5(b)(dotted-line). In a similar way, the pulses ax(t)
represented by asym(t), ay(t) represented by aasym(t)
and az(t) represented by aπ(t) has large value of fidelity
shown in Fig. 5(b)(dotted-line). All the other combina-
tions of pulse sequences has lower fidelity and may be
useless for achieving less error in the low and high tem-
perature measurements of bit-flip qubits.
In Fig. 6, I consider the same pulses that has large
fidelity measurement in Fig. 5 but with different val-
ues of noise strength. Note that small value of noise
strength, ∆ is applicable for low temperature measure-
ments while large value of ∆ is applicable for high
temperature measurements, probably room temperature.
Here one find that when pi pulse acts in x-direction,
CORPSE pulse acts in y direction and SCORPSE pulse
acts in z-direction in presence of arbitrary low and high
temperature measurements noise condition (i.e., small
and large values of ∆) have large fidelity recovery and
may consider for implementing in next generation future
electronic circuits design to minimize error.
In Fig. 7, I plot fidelity vs noise strength, ∆, for the
pulses acting only in the x-direction for correlation times,
τe = 0.001 (left figure) and τe = 30 (right figure). Note
that for τe = 0.001, the frequency of RTN jumps with
respect to time is very large compared to almost no jumps
for τe = 30. Hence fidelity recovery against noise strength
is completely impossible for τe = 0.001 in Fig. 7 (left) but
qubit driven by pi pulse in x-direction has large fidelity
for large noise strength. Oscillations in fidelity can be
seen for large RTN corellation time, τe = 30 in Fig. 7
(right) due to the fact that the RNT noise can act as
a white noise. Here one finds that the fidelity recovery
is faster for the case of qubit driven by symmetric pulse
over all the other pulses (e.g., pi, CORPSE, SCORPSE,
and assymetric pulses). The data in Fig. 8 is the same
as to Fig. 7 but qubits are driven by three different pulse
sequences that has high fidelity against noises (also see
Fig. 6). In Fig. 8, fidelity is inevitably lost compare to
Fig. 7 because of possible interaction among qubit when
these qubits are driven by pulse sequences on the Bloch
sphere.
V. CONCLUSION
In Fig. (4), I have demonstrated a possible way to
minimize error and achieve high fidelity quantum gate
operations using several bounded control pulses (e.g., pi,
CORPSE, SCORPE, symmetric and asymmetric pulses)
acting on a one qubit system in presence of random tele-
graph noises. Here I have compared the errors for the
qubits driven by the pulses discussed above. I conclude
that in the limit of vanishing noise correlation time, pi
pulse can be used for the measurement of achieving high
fidelity due to its small gate operation time. In the limit
of large correlation time, two pulses, namely symmet-
ric pulse (Fig.4(a)) and CORPSE pulse (Fig.4(c), were
identified to achieve recovery of high fidelity. More pre-
cisely, symmetric pulse (see Fig. 4(a)) provide large fi-
delity for the small energy amplitudes of noise strength
which may be useful for the experiments that perform
at low temperatures. On the other hand, CORPE pulse
(see Fig. 4(b,c)) provide large fidelity for the large en-
ergy amplitudes of noise strength which may be useful
for the experiments that perform at high temperatures.
Finally, in Figs. 5 and 6, I have shown that when pi pulse
acts in x direction, SCORPSE pulse acts in y direction
and CORPSE pulse acts in z-direction in presence of arbi-
trary low and high temperature measurements noise con-
ditions, large fidelity recovery can be achieved and may
consider for implementing for next generation electronic
circuits design to minimize error. In addition, oscillations
in the fidelity measurement against noise strength for
large correlation time (e.g., special case for white noise)
is observed which is shown in Fig. 7 and 8.
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